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@ Thanks to the expertise of metal- 
lurgists at NBS, the spectacular gold- 
plated statues framing the roadways 
west of the Lincoln Memorial again 
gleam in the sun. 

Concerned over the discoloration 
of the statues, which are familiar to 
almost every tourist visiting the Na- 
tion’s Capital, the National Park Ser- 
vice, U.S. Department of Interior, 
called on NBS to appraise the condi- 
tion of the statues and recommend 
procedures that could be used in re- 
storing them to their original golden 
luster. 

Following a thorough inspection of 
the statues, the NBS team presented 
the Park Service with an evaluation 
of several restoration procedures. A 
brush-electroplating technique was 
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Shipped from Italy where they had been cast and gilded, the equestrian group statues 
were put in place in May 1951. This photo shows Sacrifice being uncrated after it 
has been placed on a granite base. The Lincoln Memorial is in the background. 
(Photo courtesy National Park Service, U.S. Department of the Interior.) 


A HORSE OF ANOTHER COLOR 


selected by the National Park Service 
because it would duplicate the origi- 
nal gold color and provide a long- 
lasting surface. In brief, the restora- 
tion procedure involved: 

@ removing all debris from inside 
the statues, for it was this debris 
that accelerated the statues’ de- 
terioration ; 

@ replacing all steel nuts, bolts, 
braces, etc., inside the statues 
with those of bronze or brass; 
this was essential to keep two 
statues from ultimately falling 
apart; 

@ cleaning the interiors and ex- 
teriors thoroughly ; 

@ filling large external pits, seams, 
and cracks with Sn-3%Ag 


solder; and 


@ plating the exterior, using a 
brush-electroplating technique, 
applying two coats of nickel 
followed by two coats of gold 
and a final lacquer spray. 

Work on Aspiration and Literature 

and Music and Harvest has been com- 
pleted; restoration of Valor and Sac- 
rifice is due to begin in the near 
future. All work has been done by 
Park Service personnel with NBS 
metallurgists acting as consultants. 

The huge statues, put in place in 

May 1951, were designed by Amer- 
ican sculptors James E. Frazer and 
Leo J. Friedlander, who were awarded 
the National Sculpture Society’s Medal 
of Honor for their work. The bronze 
casting and gilding of these works 
of art were done in Italy as gifts to 
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the American people, in gratitude for 
the friendship train of food and cloth- 
ing sent to the Italian people after 
World War II. 

The preservation of these statues, 
named Valor, Sacrifice, Music and 
Harvest, and Aspiration and Liter- 
ature, became of serious concern to 
the National Park Service in 1968. At 
that time they feared damage to the 
internal structures as well as the ex- 
ternal surfaces. As the statues are 
symbolic of a bond between the Ital- 
ian and American people, the Park 
Service felt their restoration was im- 
portant. NBS was asked to evaluate 
both the statues’ deterioration and 
possible corrective procedures. 

In order to investigate various 
restorative procedures, the NBS staff 
examined finishes on several objects 
that had been gold coated using dif- 
ferent techniques. They also consulted 
knowledgeable individuals from many 
sources, most especially the materials 
engineers of the Naval Air Systems 
Command. 

Bureau metallurgists inspected the 
condition of the finishes and the 
interiors of the statues for corrosion 
damage. Preliminary examination 
showed that the under surfaces of 
Valor and Sacrifice, ranging in color 
from dark green to black, were heav- 
ily encrusted with corrosion products 
and dirt. Upper surfaces, frequently 
washed by rain, were, for the most 
part, bright and golden. Music and 
Harvest and Aspiration and Literature 
were in much worse condition. While 
upward facing surfaces were nearly 
washed clean, other parts were so 
covered with corrosion products that 
the statues appeared to be black with 
golden highlights. 

The gold coating, although present 
over most of the surface, contained 
cracks, holes, and perforations. Water 
seeped through these holes to the 
bronze, the bronze corroded, and the 
corrosion products then spread over 
the surface on top of the gold. This 
process was continuous; in time, the 
corrosion undermined the gold, which 
then came off as tiny flakes, and cor- 
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rosion products formed over the ex- 
posed bronze. Pits, even holes, de- 
veloped in the bronze. 

Residual plaster of paris, or gyp- 
sum, from the casting molds was 
found inside the statues. Gypsum was 
also identified (by x-ray diffraction) 
in corrosion products that had col- 
lected on top of the gold. This proba- 
bly was carried by water from gyp- 
sum inside the statue through cracks 
or holes in the bronze. 

Inside Aspiration and Literature 
and Music and Harvest, all steel bolts, 
nuts, washers, braces, and tie rods 
were found to be severely corroded 
and were replaced with brass and 
bronze. The steel anchoring struc- 
tures inside both statues were also 
corroded and were replaced with 
architectural bronze. Large cracks 
were repaired from the inside by 
strapping the sides together with 
brass plates. Welding was not practi- 
cal because preheating temperatures 
high enough for a good weld could 
not be maintained. Other cracks and 
larger holes were cleaned out and 
then filled with solder composed of 
97% tin and 3% silver. 

Prior to the application of the gold 
surface, the exterior surfaces were 
cleaned of all original gold, corrosion 
products, and chemical staining. The 
statues were steamcleaned and then 
motor-driven stainless steel rotary 
wire brushes, sandblasting, and air 
blasts of alumina grit were used to 
clean off remaining gold, loose ma- 
terials, and chemical deposits. The 
interiors of each statue were also 
sandblasted to remove gypsum and 
other debris. 

Park Service personnel were trained 
to use the brush-electroplating tech- 
nique. In this process, a carbon rod 
or anode is attached to the positive 
terminal of a power supply and 
wrapped with gauze and absorbent 
cotton. The negative terminal of a 
power supply is grounded to the ob- 
ject being plated. When the cotton 
is soaked with a plating solution and 
applied to a surface, current flows 
through the solution and deposits a 


metal coating, in this case nickel or 
gold. 

The surface to be plated is initially 
cleaned with an alkaline solution. 
After rinsing it with water, the first 
layer of nickel is applied. The sur- 
face is then rinsed with water and 
buffed with a nylon pad containing 
an abrasive. The process is repeated 
with a second layer of nickel. After 
another cleaning with the alkaline 
solution, the first layer of gold is 
applied. The surface is again rinsed 
with water and buffed. The process is 
repeated for a second layer of gold. 

After the surface plating had been 
completed, the statues were brushed 
with two coats of an acrylic lacquer 
developed for the preservation of 
bronze. Two more coats were sprayed 
on to seal any remaining pores. 

This is the first time that an electro- 
plating process has been used on stat- 
uary of such great size. It is expected 
that the gilding applied in this man- 
ner will be much more durable than 
conventional gold leafing. The greater 
durability is attributed to three fac- 
tors. Adhesion of electroplated gold 
is strong and permanent; the greater 
thickness of gold applied by electro- 
plating, 100 to 150 microinches, gives 
a gold layer that is more wear resist- 
ant and more resistant to damage; 
lastly, the electroplated gold is nor- 
mally substantially harder than gold 
leaf. 

As part of this joint project, NBS 
has produced a film’ documenting 
the restorations of Music and Harvest 
and Aspiration and Literature. In 
color, the film illustrates the various 
techniques used to return these works 
of art to like-new condition. 

The restoration of these statues is 
but one example of the application of 
science and technology to a practical 
problem. In this project, the National 
Bureau of Standards and the National 
Park Service have made a significant 
contribution to the preservation of 


art and our cultural heritage. 


‘The film, ‘Restoration of Equestrian Statues 
at the Memorial Bridge Plaza,"’ will be avail- 
able from the film libraries of both the 
National Park Service and the National Bureau 
of Standards. 
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Nicholas Calvano points out a .357 Magnum bullet that has been stopped by a typical body 
armor. The round was fired from the weapon shown, impacting the armor after a flight of 5 


meters. 


STANDARD ISSUED FOR 


POLICE BODY 


The first standard developed by 
the Bureau’s Law Enforcement 
Standards Laboratory has been is- 
sued by the National Institute of 
Law Enforcement and Criminal 
Justice. 

The standard—Ballistic Re- 
sistance of Police Body 
Armor! — provides detailed methods 
for testing body armor ‘‘‘bullet- 
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proof vests’) for resistance to 
penetration by small arms fire. The 
standard was developed under the 
direction of Jacob J. Diamond, 
LESL’s program manager for pro- 
tective equipment standards, based 
on testing performed under the su- 
pervision of Nicholas J. Calvano of 
the NBS Product Evaluation 
Technology Division. 


Body armor is grouped by this 
standard intothree categories of in- 
creasing protection: 


—resistant to .22 Long Rifle high 
velocity and .38 Special rounds 


—resistant to .357 Magnum 
rounds 

—resistant to .30-06 armor-pierc- 
ing rounds 
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Specimens are tested by firing 
the appropriate round from a 
distance of 5 meters so that the bul- 
let impacts the armor at no more 
than 5 degrees from the perpen- 
dicular. A chronograph, positioned 
between the weapon and the armor, 
is used to insure that the bullet 
velocity exceeds a certain minimum 
for each type of round. A 0.020- 
inch-thick sheet of aluminum is 
placed 15 cm behind the armor. 
Penetration of the armor is defined 
as perforation of the aluminum 
“‘witness plate” by any part of the 
armor or test bullet, as determined 
by passage of light when the witness 
plate is held before a 60-watt bulb. 

Except for armor-piercing units, 
a test piece is considered to fail if 
any of 10 hits on the front or any of 
five hits on other porticns (e.g., a 
back if there is one) result in 
penetration of the witness plate. 
Only one round is used to test each 
portion of armor-piercing units. 

A suggested sampling scheme is 


supplied that strikes a reasonable 
compromise between an acceptable 
level of quality and the cost of test- 
ing. For example, in lots of 9-15 
units only two need to be tested, 
and in lots of 51-90, only eight. 

A test for deformation, defined as 
the maximum momentary change 
in shape of the inner surface of 
armor caused by a round that does 
not penetrate the armor, is under 
development. In this test, a block of 
modeling clay would be pressed into 
contact with the back of the armor 
under test. After a round is fired, 
the clay would be removed and a 
plaster cast made of any depression 
caused by deformation of the armor. 
The depth, diameter, and general 
shape of the depression would then 
be recorded. Minimum per- 
formance requirements for defor- 
mation are now being developed at 
NBS. 

The acceptance and use of stan- 
dards for police work will benefit 
both manufacturers and police de- 


partments. Manufacturers can stan- 
dardize their test setups under a 
single set of specifications, and po- 
lice departments will be able to 
base purchases on_laboratory- 
proven criteria. 

The NBS Law Enforcement Stan- 
dards Laboratory? is actively 
developing additional standards in 
the areas of protective equipment, 
communications, security systems, 
concealed object detectors, emer- 
gency equipment, police vehicles, 
weapons, and building systems. 
Standards developed under these 
programs will also be promulgated 
by the National Institute of Law En- 
forcement and Criminal Justice. 


' NILECJ Standard on the Ballistic Resistance of Po- 
lice Body Armor, available from the Superintendent of 
Documents, U.S. Government Printing Office, Washing- 
ton, D.C. 20402, for 25 cents. Order by stock number 
2700-0155. 


? NBS works with Justice Department on modern law 
enforcement standards, NBS Tech. News Bull. 56, No. 
6, 139 (1972). 





Research Grant for LNG Study 


The Bureau has received a 
research grant from 10 energy com- 
panies to initiate a 3-year study of 
the density properties of liquefied 
natural gas (LNG). 

The research program, to be con- 
ducted by Michael Hiza and Wil- 
liam Haynes in the Cryogenics Divi- 
sion at Boulder, Colo., will provide 
basic density data to improve mea- 
surements of LNG during its 
transfer from seller to buyer. 

Reservoirs of natural gas are 
often found in remote regions of the 
globe, such as Alaska, North Africa, 
and the Middle East, and the gas 
must be liquefied near its source 
and transported by tanker over long 
distances to the energy markets. 
The liquefaction process reduces 
the volume of the gas by a factor of 
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630, making such worldwide com- 
merce economically feasible. 

However, a fraction of the ex- 
tremely cold, liquefied natural 
gas—a mixture of methane, 
nitrogen, ethane, propane, and bu- 
tane at about —250°F — evaporates 
during transport. Because the com- 
ponents evaporate at different 
rates, the buyer and seller find it 
difficult to ascertain the exact den- 
sity at the time of delivery. 

Although direct measurement 
techniques as well as theoretical 
calculations are currently used to 
determine density, inaccuracies 
causing significant financial inequi- 
ties could occur from incomplete 
knowledge about the density of vari- 
ous LNG mixtures. 

The energy companies initially 


funding the research grant to NBS 
to develop accurate measurements 
of density for liquefied gas mixtures 
are Columbia Gas System Service 
Corp., El Paso Natural Gas Co., 
Marathon Oil Co., Natural Gas 
Pipeline Co., Phillips Petroleum 
Co., Shell International Gas Ltd., 
Tennessee Gas Pipeline Co., Texas 
Eastern Transmission Co., Trans- 
continental Gas Pipe Line Corp., 
and the Chicago Bridge and Iron 
Co. Martin Cines of Phillips 
Petroleum Co. is Chairman of the 
research grant committee, which is 
comprised of company representa- 
tives. Liaison between this commit- 
tee and NBS will be provided by 
Louis A. Sarker, Manager of 
Research and Advanced Technolo- 
gy of the American Gas Association. 
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STAFF MEMBERS EDIT 


IEEE SPECIAL 


Three members of the Time and 
Frequency Division at Boulder 
edited the May 1972 issue of the 
Proceedings of the Institute of Elec- 
trical and Electronics Engineers 
(IEEE). The issue, devoted to a 
comprehensive examination of the 
present situation in time and 
frequency technology, _ offers 
readers a “snapshot” of the present 
state-of-the-art in generating, dis- 
seminating, and applying time and 
frequency. 

Edited by James L. Jespersen, 
Guest Editor, and Bryon E. Blair 
and Lawrence E. Gatterer, As- 
sociate Guest Editors, the May 
issue contained papers on five sub- 
ject areas of time and frequency: 
two papers on international aspects, 
one on_ generation, five on 
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techniques and characteristics of 
dissemination, six on requirements 
and application of time and 
frequency, and two on scientific 
uses. In addition to the 16 papers, 
there are 10 letters on various 
aspects of time and frequency. 


The need for this special issue 
grew out of the fact that people con- 
cerned with time and frequency ser- 
vices, and those concerned with 
time and frequency systems, do not 
seem to know each other as well as 
they should. In recognition of this 
gap, this issue was designed to 
promote communication between 
those with needs and those with 
resources. The issue may also 
motivate designers to take better 
advantage of the services provided. 


This design appeared on the cover of the 
May 1972 Proceedings of the IEEE, and is 
reproduced with permission. 


Standards of time and frequency 
are essential to much of today’s 
business, science, and technology. 
Those who need accurate time and 
frequency services include radio 
and television broadcasters, manu- 
facturers of radio and TV equip- 
ment, communication equipment 
users and makers, air and sea 
navigators, and makers of long- 
distance measuring instruments. 
Time and frequency technology is 
employed in such diverse applica- 
tions as aircraft collision-avoidance 
techniques, radio astronomy, mea- 
surement of the distance to the 
moon, the fraction-of-a-millimeter 
thickness of gold plating on scien- 
tific devices, the force of gravity, 
and the temperature and speed of 
flowing liquids. 
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PHYSICIST HONORED 


Dr. Forest K. Harris, semiretired 
physicist with NBS, was awarded 
the Morris E. Leeds Award at the 
1972 Conference on Precision Elec- 
tromagnetic Measurements _ in 
Boulder, Colo. Dr. Harris was 
recognized “For a lifetime of mak- 
ing outstanding advances in the 
science of high-accuracy electrical 
measurements, and of stimulating 
further advances’ through his 
teaching, authorship, and commit- 
tee activity.” 

Dr. Harris is the 14th person to 
receive the award established in 
1958 between the Leeds and 
Northrup Foundation and_ the 
American Institute of Electrical En- 
gineers and continued by the Board 
of Directors of the Institute of Elec- 
trical and Electronics Engineers. 


The award, consisting of a cer- 
tificate and $1,000, may be con- 
ferred each year to an individual or 
group of individuals who have 
benefited the arts and sciences by 
making an outstanding contribution 
to the field of electrical measure- 
ment. 

In addition to his work at the Na- 
tional Bureau of Standards, Dr. 
Harris is adjunct professor at 
George Washington University 
where he has taught courses in elec- 
trical measurements for 30 years. 
His textbook “Electrical Measure- 
ments” evolved from those lectures 
and earned him the Department of 
Commerce Silver Medal for distin- 
guished authorship. His active par- 
ticipation in IEEE and ANSI com- 
mittees brought him the NBS Rosa 


Award. He is also a Fellow of the 
IEEE and the Washington Academy 
of Sciences, and a member of Phi 
Beta Kappa, Sigma Xi, Sigma Tau, 
and the Cosmos Club. 


Although officially retired from 
NBS in 1971, Dr. Harris continues 
to work at the NBS Gaithersburg 
laboratories on an absolute-volt ex- 
periment. Before retiring, Dr. Har- 
ris was Chief of the NBS Absolute 


Electrical Measurement Section. 


Dr. Harris is the third member of 
the NBS Electricity Division to 
receive the Morris E. Leeds Award: 
previous recipients being Dr. Her- 
bert B. Brooks, Chief of the Electri- 
cal Instruments Section, 1959, and 
Dr. Francis B. Silsbee, Chief of the 
Electricity Division, 1965. 





1972 Precision Measurement Grants 


Three new Precision Measure- 
ment Grants have been made for 
1972. The awards are to Stuart B. 
Crampton, Associate Professor and 
Chairman of the Physics Depart- 
ment of Williams College, Williams- 
town, Mass.; Brij M. Khorana, 
Assistant Professor of Physics at 
the University of Notre Dame, 
Notre Dame, Ind.; and Hans A. 
Schuessler, Associate Professor of 
Physics at Texas A&M University, 
College Station, Tex. 

The Bureau’s Precision Measure- 
ment Grants, of $15,000 each, pro- 
vide an incentive to scientists in 
other laboratories to evaluate the ul- 
timate potential of their work with 
regard to improved precision and 
higher accuracy. 

Dr. Crampton is applying his 
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grant to the first useful experimen- 
tal test of the hydrogen triplet in- 
teraction potential and the theory 
which relates it to the hydrogen 
maser oscillation frequency. Con- 
current investigations of two new 
effects on the hydrogen maser 
frequency will improve the accura- 
cy of the frequency shift cross sec- 
tion measurements as a frequency 
standard. 

Using the ac Josephson effect in 
superfluid helium, Dr. Khorana 
hopes to achieve an accuracy of 
better than the present | part in 10+ 
for Avogadro’s number. 

A precision measurement of the 
hyperfine structure of stored heavy 
ions may be the basis of a new pri- 
mary frequency standard, accord- 
ing to Dr. Schuessler. His grant will 


be used to assist three experiments 
that are in progress to measure the 
hyperfine structure splittings of two 
isotopic ions of mercury (‘Hg and 
201Hg). 

Five of the previous grants were 
reassessed and renewed for the 
coming year. These were awarded 
to E. Norval Fortson, of the Universi- 
ty of Washington; D. Kleppner, of 
the Massachusetts Institute of 
Technology; William H. Parker, 
from the University of California; 
Arthur Rich, from the University of 
Michigan; and H. G. Robinson, from 
Duke University.' 


'NBS precision measurement grants, Nat. Bur. 
Stand. (U.S.), Tech. News Bull. 54, No. 11, 269 (1970). 


2 Precision measurement grants, Nat. Bur. Stand. 
(U.S.), Tech. News Bull. 55, No. 11, 282 (1971). 
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WBureau mathematicians have 
developed a model to determine a 
least-cost policy for scheduling the 
purchases and retirements of fire 
engines. The model can be applied 
to any type of equipment for which 
failures are negligible, where the 
oldest equipment is retired first, and 
where the planning period is less 
than the maximum allowable age. 
This model was developed by 
Richard Ku of the Technical Analy- 
sis Division (TAD) and Patsy Saun- 
ders of the Applied Mathematics 
Division. Directed by Ernst Nilsson 
of TAD, the project was ad- 
ministered in cooperation with the 
NBS Office of Fire Research and 
Safety. The Fire Research and 
Safety Act of 1968 empowers NBS 
to “provide a national fire research 
and safety program including the 
gathering of comprehensive fire 
data; a comprehensive fire research 
program; fire safety education and 
training programs; and demonstra- 
tions of new approaches and im- 
provements in fire prevention and 
control, and reduction of death, per- 
sonal injury, and property damage.” 
The Washington, D.C., Fire De- 
partment worked with the NBS 
researchers to provide insight into 
the nature of equipment replace- 
ment problems for fire departments 
and_ the type of information that 
would be most useful to them. 


Many equipment replacement 
problems have an underlying relia- 
bility question. For example, what 
is the probability that a piece of 
equipment is “good”’ at some given 
time after it is considered ‘“‘new’’? 
Such questions typically balance 
the cost of failures against the cost 
of planned replacements. The con- 
cern of many fire departments, as 
typified by the Washington, D.C., 
Fire Department, is not with the 
cost of failure or the distribution of 
failures of fire engines per se, 
primarily because of the negligible 
number of engine failures and the 
difficulty in measuring the “cost” 
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A model to aid fire departments in scheduling the purchases and retirements of fire engines 
has been developed at NBS. Also applicable to other types of equipment, the model should 
help fire departments minimize the cost of operating a fleet of engines during a planning 

period. 


of a single engine failure. Rather, 
fire departments want to make 
purchase and retirement decisions 
that minimize the cost of operating 
a fleet of engines during a planning 
period. 

There are several constraints 
under which a fire department must 
operate when buying and retiring 
engines. Budgets often dictate the 
maximum number of engines that 
may be purchased in a single unit, 
e.g., | year of the planning period. 
A maximum engine age may have 
to be set to maintain the morale of 
the firemen. Political constraints 
may require that every engine 
purchase be accompanied by an en- 
gine retirement. The NBS model al- 
lows all of these constraints and 
others to be considered in the 
planning. 

In using the model it is assumed 
that engines are retired “oldest 
first,” a fairly standard practice. 
But, the model considers retiring 
only those engines that were a part 
of the initial fleet; none of the en- 
gines purchased during the plan- 
ning period are ever considered 


for retirement by the model. This 
means that the planning period 
must be no longer than the max- 
imum allowable engine age. (The 
D.C. Fire Department suggested 
planning periods of 5 to 10 years, 
with engines reaching a maximum 
age of 15 years.) 

Other information required to use 
the model includes the upkeep cost 
of an engine (as a function of the age 
of the engine), the resale value of 
each engine in the initial fleet com- 
puted for each year of the planning 
period, and the purchase price of a 
new engine in each year of the plan- 
ning period. These data are usually 
obtainable from available records. 

Although the model has not yet 
been used as a basis for planning 
in an actual situation, it has been 
tested using data from another 
study for the D.C. Fire Department. 
For further information on the 
availability of the computer pro- 
gram of this model, contact Mrs. 
Patsy Saunders, Administration 
Building A427, National Bureau of 
Standards, Washington, D.C. 
20234. 
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CONFERENCE ‘° PUBLICATION Siriefa 


PRECISION MEASUREMENT AND 
CALIBRATION 


Two more volumes have been 
added to the Precision Measure- 
ment and Calibration _ series. 
Volume 5,! Frequency and Time (B. 
E. Blair and A. H. Morgan, Editors, 
Spec. Publ. 300, Vol. 5, June 1972, 
565 pages, $6; use SD Catalog No. 
C13.10:300/V.5 when ordering), 
brings together previously 
published NBS papers, mono- 
graphs, abstracts, and _bibliogra- 
phies selected for their usefulness 
to workers in standards and preci- 
sion measurement laboratories and 
to designers and builders of labora- 
tory instruments. Volume 5 gives 
broad coverage to work in the area 
of frequency and time for the 
decade 1960-69. It contains 57 
reprints of papers by NBS authors 
plus 23 in abstract form only (in- 
cluding 12 abstracts of non-NBS 
publications). These papers and ab- 
stracts are presented under four 
major headings: Frequency and 
Time Standards, Time Scales, Dis- 
tribution of Frequency and Time 
Signals, and Statistics of Frequency 
and Time Measurements. A fifth 
subdivision provides a bibliography 
on the same areas, classified by 
subject, selected from the world 
wide literature published during the 
1960's. 


Surveying in fairly comprehen- 
sive fashion the best practice in its 
field, this volume should not only 
assist standards laboratories in this 
country in tracing their measure- 
ments to NBS standards, but will 
also be a useful reference source for 
scientists, engineers, students, and 
others concerned with accurate 
measurements of frequency and 
time. 
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Volume 9, Colorimetry (I. 
Nimeroff, $5.50; use SD Catalog 
No. €C13.10:300/V.9 when ordering), 
contains reprints of 37 papers on 
colorimetry and the associated 
areas of spectrophotometry and 
appearance evaluation, which are 
grouped into seven sections: (1) 
Spectrophotometry, (2) Color Vi- 
sion, (3) Color Specification, (4) 
Sources and Instrumentation, (5) 
Color Spacing and Metamerism, (6) 
Variabilities and Uncertainties, and 
(7) Appearance and Gloss. Preced- 
ing each section is a short foreword 
that points out relations of the 
papers to each other and to the 
broader principles of the subject. In 
addition, the volume _ contains 
author and subject indexes and a 
list of publications on colorimetry 
and spectrophotometry by NBS 
staff members from. January 1957 
through August 1969. 


ANALYTICAL CHEMISTRY: KEY TO 
PROGRESS ON NATIONAL 
PROBLEMS 


Hundreds of problems in analyti- 
cal chemistry, solutions of which 
could greatly advance progress in 
solving broader national problems, 
are described in these Proceedings 
of the 24th Annual Summer Sym- 
posium on Analytical Chemistry 
held at the Bureau. Sufficient 
background information is given to 
assist in establishing priorities and 
in selecting approaches for max- 
imum impact in problem solving. 
One session of the symposium was 
devoted to each of six problem 
areas in which analytical chemists 
can play a vital part: Agriculture, 
Air Pollution, Clinical Chemistry 
and Biomedicine, Oceanography, 
Solid State Research and Elec- 
tronics, and Water Pollution. Lead- 


ing authorities with wide knowledge 
of the problem areas were invited to 
present keynote lectures which 
summarized the state-of-the-art of 
measurements in their fields and 
pinpointed urgent measurement 
needs of the future. Following each 
lecture, a panel of analytical 
chemists conversant with the mea- 
surement problems concerned 
discussed possible approaches to 
some of the problems raised by the 
speakers. At the end of each session 
there was a general discussion 
period with participation by the au- 
dience of 450 scientists from a 
broad spectrum of _ industrial, 
government, and academic institu- 
tions. This volume contains the 
texts of the six invited lectures and 
summaries of the discussions. 

Analytical Chemistry,' edited by 
W. W. Meinke and J. K. Taylor, 
NBS Spec. Publ. 351, August 1972, 
481 pages, is priced at $3.50. 


THIRD NATIONAL CONFERENCE ON 
ROOFING TECHNOLOGY 

The Third National Conference 
on Roofing Technology will be held 
on March 20-21, 1973, at the Bu- 
reau’s Gaithersburg, Md., campus. 
The conference is sponsored jointly 
by NBS and the National Roofing 
Contractor’s Association, and will 
bring together contractors, manu- 
facturers, consultants, researchers, 
and consumers. The emphasis will 
be on technological data that the 
roofing industry must have to 
operate more effectively. 

Some subjects on the agenda are: 


1. Membrane movement and roof 
splitting 
2. Roofing over wet-filled decks 
3. Blistering in built-up roofing 
systems 
Continued on page 267 
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The NSRDS was established to make 
critically evaluated data in the 


physical sciences available to 
science and technology on a na- 
tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


ON-LINE FILE MANAGEMENT AT 
THE JILA INFORMATION ANALYSIS 
CENTER 


About 2 years ago, NSRDS 
NEWS published a report! on the 
use of computers by the JILA (Joint 
Institute for Laboratory As- 
trophysics) Information Center. 
Since then, the Center has 
developed a new system for storing 
and retrieving its bibliographic in- 
formation using a local time-share 
computer. Dr. L. J. Kieffer, Director 
of the JILA Information Analysis 
Center, provided the following brief 
description of that system and its 
operating experiences to date which 
might be of value to other centers 
and systems. 

Our primary use of the time-share 
system is for automatic composition 
of annotated bibliographies for 
publication. In that sense, our new 
system is basically the same as our 
old system.'! We have substituted a 
typewriter keyboarding device with 
punched-paper-tape output for a 
card punch, a time-share computer 
for a batch processor, and disk 
storage for tape storage. 

Let me discuss the advantages of 
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the three changes mentioned above 
before discussing the system in 
general. 

One of the biggest problems en- 
countered when using a typical 
punch-card keyboarding device is 
the lack of necessary control 
characters and a_ restricted- 
character set. The use of certain 
characters as “flags” to indicate 
use of upper and lower case, super- 
scripts and subscripts, phonetic 
spelling of Greek characters, etc., 
can, of course, make up for the defi- 
ciencies of the keyboard. It does 
make the keyboarding operation in- 
efficient and produces a printed 
copy cluttered with symbols, which 
make reading and consequently 
editing of the text difficult. We are 
using a keyboard device that 
produces a hard-copy printout (this 
has many uses as will be mentioned 
later) as well as an eight-channel 
punched-paper-tape record in 
ASCII code. This provides for 32 
control characters and normally 94 
printing graphics. In addition, 
because one of the control charac- 
ters is a shift out, an extended type 
box can be used with 32 additional 
printing characters. As a _ con- 
sequence, a very readable typed 
text is produced. None of the con- 
trol characters are printed. In addi- 
tion, the keyboard device can send 
information over a telephone line to 
our local time-share computer. 

The use of the time-share com- 
puter for storage and retrieval of 


bibliographical files follows natu- 
rally from the use of the keyboard 
device described above since its 
sending capabilities were compati- 
ble with the local time-share com- 
puter. There are some additional 
advantages which are quite impor- 
tant. One of the software packages 
available on the time-share com- 
puter is a text editor. This function, 
which is carried out in an interac- 
tive mode, justifies by itself the use 
of the time-share system. It makes 
corrections and format changes of 
the files efficient and straightfor- 
ward. This easily makes up for the 
normal cost difference between 
batch processing and time-share 
processing. 

We had, in the past, used mag- 
netic tape storage for our files. The 
fact that these physical records, in 
contrast to disk storage, must be 
handled by the computer operator 
presents well-known hazards. 
Destruction of the records on the 
tape is a reasonably probable event, 
particularly where long-term 
storage and frequent updating are 
needed. In fact, our own experience 
is that in spite of the fact that we 
maintained a “grandfather 
system,” i.e., we retained the two 
previously updated versions of all 
our tapes, at least once a year all 
three tape records of a particular 
set were destroyed, and we had to 
reconstitute the tapes from our 
punch-card backup. In addition to 
the extremely important advantage 
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of disk storage just mentioned, we 
found, much to our surprise, that 
the cost of mounting tapes, for 
which we were charged, was com- 
parable to charges for disk storage 
of our files because of our frequent 
updating. Disk storage also makes 
it possible to search our relatively 
large files in an interactive mode. 
Our time-share system for 
storage and retrieval of biblio- 
graphic information on low-energy 
atomic collision data is outlined in 
fig. 1 and fig. 2. The flow charts are 
greatly abbreviated and only in- 
dicate physical records § and 
processes. No indication is given of 
the overall program structure or 
program names and functions. 
When a scientific report of poten- 
tial interest is noted in scanning ab- 
stracting journals and _ other 
sources, the authors’ names, titles, 
and source-identifying information 
(e.g., journal, volume, page, year) 
are keyboarded. This is the basic in- 
formation for our Citation File and 
is keyboarded only once. This 
keyboarding produces a punched- 
paper-tape record (see fig. 1). This 
information is read onto a tempora- 
ry disk file and the punched-paper 
tape is used to produce three kinds 
of typewritten records using our 
keyboard device. These records 
are: an order form for obtaining 
copies of the documents, file cards 
for our off-line card index system, 
and a coding form used by the Infor- 
mation Center scientists to record 
indexing terms and other instruc- 
tions and comments. This form is at- 
tached to the documents and then 
filed as a permanent backup record 
after the indexing information is 
added. The indexing information is 
then keyboarded (see lower part of 
fig. 1) and entered as part of the 
Descriptor File. Once the report has 
been indexed, an accession number 
(Citation File number) is assigned 
and preparation of the material for 
entry into the Master Citaton and 
Master Descriptor Files proceeds 
automatically. Both ‘“‘Master Files” 
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FIGURE 1 


are stored on the disk which is 
linked to the time-share computer. 
The files are updated approximately 
every 2 weeks. 

Although the files can, in princi- 
ple, be searched in a great variety 
of ways, we presently search only 
on the Descriptor Files, which are 
a list of Citation File numbers (ac- 
cession numbers) indexed by the 
descriptors we use as index terms. 
The descriptor terms are arranged 
in a hierarchy; the first member is, 
in fact, the name of the Descriptor 
File: 

ELECTRON — Low Energy Elec- 
tron Collision Cross Section 
for Atom or Simple Molecule; 

PHOTON —Photoabsorption or 
Ionization Cross Section for 
Atom or Simple Molecule; 

SWARM — Electron Transport or 
Rate Data in Atomic or 
Molecular Gases; 

ION-MOLECULE—Gas Phase 
Ion-Molecule Reaction Rate. 


The next level consists of a list of 
descriptors which describes the 
physical process in more detail. For 
example, in the Electron File, some 
of the process descriptors are 
elastic scattering, ionization, and 


vibrational excitation. The lowest 
levels are the atomic and molecular 
species. The most common search 
follows one linear chain in this 
hierarchy (i.e., Descriptor File, 
process, atomic or molecular spe- 
cies) thus producing a unique set of 
citation file numbers. One may 
produce more comprehensive 
bibliographies by combining a 
number of such linear chains, or all 
of them, for a particular Descriptor 
File which leads to a comprehensive 
bibliography suitable for publica- 
tion. 

For small searches, for nonpubli- 
cation use, the output would be a 
typed copy from the keyboard 
device. For publication purposes, a 
magnetic tape in suitable format 
would be prepared. 

We have found this system con- 
venient, cost effective, and reliable. 
The production of many typewritten 
records off-line for various files and 
hard machine-readable backup 
copy from one keyboarding opera- 
tion is one of its most outstanding 
features. The ease and speed of 
error correction and format change 
are also very useful features. 

It took approximately 1-1/2 years 
to put the system in operation and 
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this required 1/2 man-year of pro- 
gramming time. The system has 
been operating for 1 year and we 
have computed some average costs. 
To process completely one citation 
and its descriptor information (in- 
dex terms) from start until it is in 
the “permanent” files, including 
preparation of off-line records, 
takes a typist 25 minutes. Computer 
costs, terminal and central proces- 
sor time per citation, are about 14 
cents and 23 cents respectively, 37 
cents in all. To store a citation on 
disk file for 1 month costs 5 cents. 
The monthly cost of maintaining the 
programs for preparing § and 
searching the files on disk is $16. 
Our master files have been made 
open files, so that users of the local 
time-share computer can _ inter- 
rogate them. Some simple programs 
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have been made available for such 
use. They are presently somewhat 
inefficient and need to be rewritten. 
The security system for protecting 
the disk files seems adequate but 
our experience is quite limited. Our 
experience with local time-share 
users is so limited that no conclu- 
sions about the usefulness or effi- 
ciency of the system for other local 
users can be reached at this time. 


HEAVY-ATOM KINETIC ISOTOPE 
EFFECTS 


NBS Special Publication 349, 
Heavy-Atom Kinetic Isotope Effects, 
An Indexed Bibliography? (45 cents. 
SD Catalog No. C13.10:349) by Mar- 
vin J. Stern and Max Wolfsberg has 
recently been published. It covers 
the complete literature from the 
earliest entry found (1911) through 
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1965. Review articles and theoreti- 
cal papers are listed through 1968. 
The bibliography is divided into a 
list of the references, an author in- 
dex, and a subject index. The sub- 
ject index has been annotated to 
describe, in brief, the type of reac- 
tion being observed. The bibliogra- 
phy covers chemical reactions in 
which heavy-atom isotope effects 
are found. Hydrogen isotope effects 
are specifically excluded inasmuch 
as they constitute a separate and 
large field. Among the isotopes 
included are oxygen, carbon, nitro- 
gen, lead, chlorine, sulfur, selenium, 
boron. and lithium. 


CHEMICAL KINETICS IN THE C-O-S 
AND H-N-O-S SYSTEMS 


NBS Special Publication 362, 
Chemical Kinetics in the C-O-S and 
H-N-O-S_ Systems: A_ Bibliog- 
raphy—1899 through June 19712 (70 
cents, SD Catalog No. C13.10:362) 
by Francis Westley contains a reac- 
tion-oriented list of references, 
published papers, and reports con- 
taining rate data for reactions of 
COS, COS., CS, CS., CS;, DS, 
H.S, H.S., HSO., S, SH, SO, SOx, 
SOs, SO,, S., 8.02, S4, Se, and Ss 
with each other and with CO, CO,, 
D, D:, H, H., HO, N, No, N2O, 
N2O;, NO, NO., NOs, NOS, O, OH, 
O., O3, R, and RH. Three lists of 
critical reviews dealing with the 
above reactions are included. Three 
hundred and seventeen papers 
covering 240 reactions are listed. 


'NSRDS News, Not. Bur. Stand. (U.S.), Tech. News 
Bull. 54, No. 7, 161-162 (1970). 

2 Available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402, for the price indicated. 





BRIEFS § continued 


4. Problems with  coated-felt 
systems 
5. Performance specifications for 


built-up roofing. 
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Everyone in the roofing industry 
who attends this meeting should 
benefit from the broad interchange 
of current information and ideas. 
Persons interested in the con- 
ference may obtain further details 


from Philip Cramp, National Bu- 
reau of Standards, B362 Building 
Research, Washington, D.C. 20234, 
tel. (301) 921 -3371. 


' Order from the Superintendent of Documents, U.S. 
Goverment Printing Office, Washington, D.C. 20402. 
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PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin, Annual subscrip- 
tion: Domestic, $3; foreign, $4. Single copy 
price, 30 cents. Available on a 1-, 2-, or 3- 
year subscription basis. SD Catalog No. 
C asA3. 

Journal of Research of the National Bureau 
of Standards 
Section A. Physics and Chemistry. Issued 

six times a year. Annual subscription: 
Domestic, $9.50; foreign, $11.75. Single 
copy price varies. SD Catalog No. 
C13.22/sec.A. 

Section B. Mathematical Sciences. Issued 
quarterly. Annual subscription: 
Domestic, $5; foreign, $6.25. Single 
copy, $1.25. SD Catalog No. 
C13.22/sec.B. 

Section C. Engineering and Instrumenta- 
tion. Issued quarterly. Annual subscrip- 
tion: Domestic, $5; foreign, $6.25. Sin- 
gle copy, $1.25. SD Catalog No. 
C13.22/sec.C. 


NBS BIBLIOGRAPHIC SUBSCRIPTION 
SERVICES 


Cryogenic Data Center Current Awareness 
Service (Publications and Reports of In- 
terest in Cryogenics). A literature survey 
issued weekly. Annual subscription: 
Domestic, $20.00; foreign, $25.00. 

Liquefied Natural Gas. A literature survey is- 
sued quarterly. Annual subscription: 
$20.00. 

Superconducting Devices and Materials. A 
literature survey issued quarterly. Annual 
subscription: $20.00. Send subscription or- 
ders and remittances for the preceding 
bibliographic services to the U.S. Depart- 
ment of Commerce, National Technical 
Information Service, Springfield, Va. 
22151. 

Electromagnetic Metrology Current Aware- 
ress Service (Abstracts of Selected Articles 
on Measurement Techniques and Stan- 
dards of Electromagnetic Quantities from 
D-C to Millimeter-Wave Frequencies). Is- 
sued monthly. Annual subscription: 
$100.00 (Special rates for multi-subscrip- 
tions). Send subscription order and re- 
mittance to the Electromagnetic Metrology 

| Information Center, Electromagnetics 
Division, National Bureau of Standards, 
Boulder, Colo. 80302. 


CURRENT ISSUES OF THE JOURNAL 
OF RESEARCH 


J. Res. Nat. Bur. Stand. (U.S.), 76A (Phys. & 
Chem.), No. 4, (July-August 1972), SD 
Catalog No. C13.22/sec.A:76/4. 
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Hamer, W. J., Skapars, A., and Field, B. 
F., The emf-temperature coefficient of 
‘“‘acid” standard cells of the saturated 
cadmium sulfate type from 15 to 40 °C. 

Rebbert, R. E., and Ausloos, P., Pulse 
radiolysis of neopentane in the gas 
phase. 

Haller, W., and Simmons, J. H., Anatomy 
and thermal history of laser self-focus- 
ing damage tracks in glass. 

Fussell, W. B., Normal emissivity of an 
isothermal, diffusely reflecting cylindri- 
cal cavity (with top) as a function of in- 
side radius. 

Fanconi, B. M., Lattice vibrations of an- 
tiparallel chain sheet structures. 


OTHER NBS PUBLICATIONS 


Monogr. 124. Reference tables for low- 
temperature thermocouples, L. L. 
Sparks, R. L. Powell, and W. J. Hall, Nat. 
Bur. Stand. (U.S.), Monogr. 124, 61 pages 
(June 1972). 60 cents. 

H105-1 (Revised 1972). Specifications and 
tolerances for reference standards 
and field standard weights and mea- 
sures. Re Specifications and 
tolerances for field standard weights 
(NBS class F), T. M. Stabler, Nat. Bur. 
Stand. (U.S.), Handb. 105-1, 12 pages (July 
1972). 25 cents. 


H110-1. National electrical safety code. 
Part 1. Rules for the installation and 
maintenance of electrical supply sta- 
tions and equipment, Nat. Bur. Stand. 
(U.S.), Handb. 110-1, 43 pages (June 1972). 
30 cents. 

H1ll. American National Standard. 
Radiation safety for x-ray diffraction 
and fluorescence analysis equip- 
ment, Nat. Bur. Stand. (U.S.), Handb. 
111, 20 pages (June 1972). 30 cents. 

SP260-37. Standard reference materials: 
Methods of analysis of NBS clay stan- 
dards, J. I. Shultz, R. K. Bell, T. C. Rains, 
and O. Menis, Nat. Bur. Stand. (U.S.), 
Spec. Publ. 260-37, 86 pages (June 1972). 
75 cents. 

SP260-40. Standard reference materials: 
Selection of differential thermal 
analysis temperature standards 
through a cooperative study (SRM 
758, 759, 760), H. G. McAdie, P. D. 
Garn, and O. Menis, Nat. Bur. Stand. 
(U.S.), Spec. Publ. 260-40, 71 pages (Aug. 
1972). 65 cents. 

SP260-41. Standard reference materials: 
Use of standard light-sensitive paper 
for calibrating carbon arcs used in 
testing textiles for colorfastness to 
light, L. A. Wood and P. J. Shouse, Nat. 


Bur. Stand. (U.S.), Spec. Publ. 260-41, 24 
pages (Aug. 1972). 30 cents. 

SP300. Volume 5. Precision measure- 
ment and calibration. Selected NBS 
papers on frequency and time, B. E. 
Blair and A. H. Morgan, Editors, Nat. Bur. 
Stand. (U.S.), Spec. Publ. 300, Vol. 5, 565 
pages (June 1972). 


SP300. Volume 9. Precision measure- 
ment and calibration. Selected NBS 
papers on colorimetry, I. Nimeroff, 
Editor, Nat. Bur. Stand. (U.S.), Spec. Publ. 
300, Vol. 9, 460 pages (June 1972). $5.50. 


SP348. The science of ceramic machin- 
ing and surface finishing. Proceedings 
of a Symposium sponsored by the Amer- 
ican Ceramic Society, the Office of Naval 
Research, and the National Bureau of 
Standards, Nov. 2-4, 1970, held at the Na- 
tional Bureau of Standards, Gaithersburg, 
Md., S. J. Schneider, Jr., and R. W. Rice, 
Editors, and C. F. Bersch, A. M. Diness, 
and J. B. Wachtman, Associate Editors, 
Nat. Bur. Stand. (U.S.), Spec. Publ. 348, 
431 pages (May 1972). $5.35. 

SP349. Heavy-atom kinetic isotope ef- 
fects, an indexed bibliography, M. J. 
Stern and M. Wolfsberg, Nat. Bur. Stand. 
(U.S.), Spec. Publ. 349, 39 pages (June 
1972). 45 cents. 

SP351. Analytical chemistry: Key to 
progress on _ national problems. 
Proceedings of the 24th Annual Summer 
Symposium on Analytical Chemistry spon- 
sored by Analytical Chemistry, ACS Divi- 
sion of Analytical Chemistry, and NBS 
Analytical Chemistry Division, June 16-18, 
1971, held at the National Bureau of Stan- 
dards, Gaithersburg, Md., W. W. Meinke 
and J. K. Taylor, Editors, Nat. Bur. Stand. 
(U.S.), Spec. Publ. 351, 481 pages (Aug. 
1972). $3.50. 

SP361. Volume 2. Performance concept 
in buildings. Opening addresses, rappor- 
teur reviews, and discussions, 
Proceedings of a symposium jointly spon- 
sored by the International Union of Test- 
ing and Research Laboratories for Materi- 
als and Structures (RILEM), the American 
Society for Testing and Materials (ASTM), 
and the International Council for Building 
Research Studies and Documentation 
(CIB), Philadelphia, Pa., May 2-5, 1972, B. 
E. Foster, Editor, Nat. Bur. Stand. (U.S.), 
Spec. Publ. 361, Vol. 2, 169 pages (Sept. 
1972). $1.75. 

SP363. Bibliography on atomic energy 
levels and spectra, July 1968 
through June 1971, L. Hagan and W. 
C. Martin, Nat. Bur. Stand. (U.S.), Spec. 
Publ. 363, 103 pages (June 1972). $1.00. 

SP365. Metric conversion card, J. V. 
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Odom, Nat. Bur. Stand. (U.S.), Spec. Publ. 
365, 2 pages (July 1972). 10 cents each; 
$6.25 per 100. 

SP364. Solid state chemistry. Proceedings 
of the 5th Materials Research Symposium 
sponsored by the Institute for Materials 
Research, National Bureau of Standards, 
October 17-21, 1972, held at Gaithersburg, 
Md., R. S. Roth and S. J. Schneider, Jr.. 
Editors, Nat. Bur. Stand. (U.S.), Spec. 
Publ. 364, 799 pages (July 1972). 10 cents 
each; $7.50 per 100. 

NSRDS-NBS 39. Tables of molecular 
vibrational frequencies. Con- 
solidated volume I, T. Shimanouchi, 
Nat. Stand. Ref. Data Ser., Nat. Bur. 
Stand. (U.S.), 39, 164 pages (June 1972). 
$3.00. 

BSS42. Design loads for inserts em- 
bedded in concrete, T. W. Reichard, E. 
F. Carpenter, and E. V. Leyendecker, Nat. 
Bur. Stand. (U.S.), Bldg. Sci. Ser. 42, 28 
pages (May 1972). 35¢. 

FIPS Pub 12-1. Federal information 
processing standards index, H. E. 
McEwen, Standards Coordinator, Nat. 
Bur. Stand. (U.S.), Fed. Info. Process. 
Stand. Publ. FIPS PUB 12-1, 140 pages 
(1972). $1.25. 

TN467. Activation analysis: a bibliog- 
raphy through 1971, G. J. Lutz, R. J. 
Boreni, R. S. Maddock, and J. Wing, Edi- 
tors, Nat. Bur. Stand. (U.S.), Tech. Note 
467, 892 pages (Aug. 1972). $7.00. 

TN587. Organic Chemistry Section: 
Summary of activities, July 1970 to 
June 1971, R. Schaffer, Editor, Nat. 
Bur. Stand. (U.S.), Tech. Note 587, 131 
pages (Aug. 1972). $1.25. 

TN594-1. Optical radiation measure- 
ments: Fundamental principles of 
absolute radiometry and__ the 
philosophy of this NBS program 
(1968 to 1971), J. Geist, Nat. Bur. 
Stand. (U.S.), Tech. Note 594-1, 59 pages 
(June 1972). 60 cents. 

TN614. Longitudinal magnetore- 
sistance in polar semiconductors, R. 
L. Peterson, Nat. Bur. Stand. (U.S.), Tech. 
Note 614, 47 pages (Apr. 1972). 50 cents. 

TN615. WRI15 thermal noise standard, 
W. C. Daywitt, W. J. Foote, and E. Camp- 
bell, Nat. Bur. Stand. (U.S.), Tech. Note 
615, 154 pages (Mar. 1972). 

TN616. Frequency standards and 
clocks: a tutorial introduction, H. 
Hellwig, Nat. Bur. Stand. (U.S.), Tech. 
Note 616, 69 pages (Apr. 1972). 70 cents. 

TN617. Thermophysical properties of 
parahydrogen from the freezing 
liquid line to 5000 R for pressures to 
10,000 psia, R. D. McCarty and L. A. 
Weber, Nat. Bur. Stand. (U.S.), Tech. 
Note 617, 169 pages (Apr. 1972). $1.50. 

TN618. WRIS microwave calorimeter 
and bolometer unit, M. E. Harvey, Nat. 


November 1972 


Bur. Stand. (U.S.), Tech. Note 618, 41 
pages (May 1972). 75 cents. 

TN710-3. Building research translation: 
new regulation on ventilation of 
dwellings, fixed heating facilities, 
and flues, A. Chalandon, M. Schumann, 
and P. Dechartre, Nat. Bur. Stand. (U.S.), 
Tech. Note 710-3, 46 pages (May 1972). 
50 cents. 

TN710-4. Building research translation: 
thermal comfort requirement ad- 
jacent to cold walls—application to 
glazed opening, J. Anquez and M. 
Croiset, Nat. Bur. Stand. (U.S.), Tech. 
Note 710-4, 54 pages (May 1972). 55 cents. 

TN710-5. Building research translation: 
Use of an air-to-air heat exchanger to 
recover heat from air exhausted by 
mechanical ventilation, P. Garrivier, 
Nat. Bur. Stand. (U.S.), Tech. Note 710-5, 
62 pages (July 1972). 60 cents. 

TN715. Tabulation of published data on 
electron devices of the U.S.S.R. 
through December 1971, C. P. Mar- 
sden, Nat. Bur. Stand. (U.S.), Tech. Note 
715, 108 pages (June 1972). $1.00. 

TN719. A simple correction procedure 
for quantitative electron probe 
microanalysis, K. F. J. Heinrich, R. L. 
Myklebust, H. Yakowitz, and S. D. 
Rasberry, Nat. Bur. Stand. (U.S.), Tech. 
Note 719, 49 pages (May 1972). 55 cents. 

TN721. NBS Special Foreign Currency 
Program in Israel 1970-71, H. S. 
Peiser and M. Klein, Nat. Bur. Stand. 
(U.S.), Tech. Note 721, 175 pages (Apr. 
1972). $1.50. 

TN722. Tensile creep of boron/epoxy 
and boron/epoxy-reinforced 7075- 
T6 aluminum alloy, D. J. Chwirut, Nat. 
Bur. Stand. (U.S.), Tech. Note 722, 60 
pages (May 1972). 60 cents. 

TN723. A laser technique for investigat- 
ing the effects of thermal transients 
on pressure transducer performance 
characteristics, P. S. Lederer and J. S. 
Hilten, Nat. Bur. Stand. (U.S.), Tech. Note 
723,43 pages (May 1972). 45 cents. 

TN724. Properties of selected supercon- 
ductive materials, B. W. Roberts, Nat. 
Bur. Stand. (U.S.), Tech. Note 724, 100 
pages (June 1972). $1.00. 

TN725. A neutron moments computer 
code, moment I, C. M. Eisenhauer, G. L. 
Simmons, and L. V. Spencer, Nat. Bur. 
Stand. (U.S.), Tech. Note 725, 38 pages 
(May 1972). 50 cents. 

TN726. Testing and fabrication of wire- 
bond electrical connections—a com- 
prehensive survey, H. A. Schafft, Nat. 
Bur. Stand. (U.S.), Tech. Note 726, 140 
pages (Sept. 1972). $1.25. 

TN727. Methods of measurement for 
semiconductor materials, process 
control, and devices. Quarterly re- 
port October 1 to December 31, 


1971, W. M. Bullis, Editor, Nat. Bur. 
Stand. (U.S.), Tech. Note 727, 79 pages 
(June 1972). 70 cents. 

TN728. Torsional instabilities in com- 
posite and composite-reinforced alu- 
minum-alloy thin-walled cylinders, D. 
E. Marlowe, Nat. Bur. Stand. (U.S.), Tech. 
Note 728, 77 pages (June 1972). 70 cents. 

TN729. Design, construction, and test- 
ing of a new high accuracy spec- 
trophotometer, K. D. Mielenz and K. L. 
Eckerle, Nat. Bur. Stand. (U.S), Tech. 
Note 729, 60 pages (June 1972). 60 cents. 

TN730. Manual and automated finger- 
print registration, J. H. Wegstein, Nat. 
Bur. Stand. (U.S.), Tech. Note 730, 26 
pages (June 1972). 35 cents. 

TN731. Calibration of secondary stan- 
dard magnetic tape cassettes (com- 
puter amplitude reference) phase I, 
S. B. Geller and P. A. Mantek, Nat. Bur. 
Stand. (U.S.), Tech. Note 731, 60 pages 
(July 1972). 60cents. 

TN732. A computer terminal network 
for transparent stimulation of the 
user of an on-line retrieval system, S. 
Treu, Nat. Bur. Stand. (U.S.), Tech. Note 
732,39 pages (July 1972). 45 cents. 

TN733. Methods of measurement for 
semiconductor materials, process 
control, and devices, quarterly re- 
port January | to March 31, 1972, 
W. M. Bullis, Editor, Nat. Bur. Stand. 
(U.S.), Tech. Note 733, 59 pages (Sept. 
1972). 60 cents. 

TN734: OMNITAB II. Segmentation struc- 
ture for the SCOPE operating system, S. 
T. Peavy and R. N. Varner, Nat. Bur. 
Stand. (U.S.), Tech. Note 734, 25 pages 
(June 1972). 35 cents. 


NBS OFFICE OF STANDARD 
REFERENCE DATA BIBLIOGRAPHY 
SERIES 

The following Bibliography Series are 
available by purchase from the National 

Technical Information Service (NTIS), 

Springfield, Va. 22151, at the price in- 

dicated. 

COM-72-10014: Kondratiev, V. N., Rate con- 
stants of gas phase reactions, translated by 
L. J. Holtschlag and edited by R. M. Fris- 
trom, 433 pages, January 1972. (Johns 
Hopkins University, Applied Physics 
Laboratory, Silver Spring, Md.), $8.50. 

COM-72-10266: Index and Cumulative List 
of Papers on Radiation Chemistry, Vol. IR, 
Nos. 27-52, July through December 1971, 
Radiation Chemistry Data Center, Radia- 
tion Laboratory, University of Notre 
Dame, January 1972, $6.00. 


PUBLICATIONS IN OTHER 
JOURNALS 


This column lists all outside publications 
by the NBS staff, as soon after issuance as 
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practical. For completeness, earlier 
references not previously reported may be 
included from time to time. The five digit 
number at the beginning of each entry is 
used for record keeping only and should not 
be used when requesting reprints or other 
information. 


Andrews, J. R., Nahman, N. S., Electron- 
beam deflection in traveling-wave oscil- 
loscopes, (Proc. 11th Symp. Electron, Ion, 
and Laser Beam Technology, Boulder, 
Colo., May 12-14, 1971), Chapter in Record 
of 11th Symposium on Electron, Ion, and 
Laser Beam Technology, pp. 141-146 (San 
Francisco Press, Inc., San Francisco, 
Calif., 1971). 

Barnes, I. L., Garfinkel, S. B., Mann, W. B., 
Nickel-63: Standardization, half-life and 
neutron-capture cross-section, Int. J. Appl. 
Radiat. Isotop. 22, 777-781 (1971). 

Beehler, R. E., Cesium atomic beam 
frequency standards: A survey of laborato- 
ry standards development from 1949-197], 
Proc. 25th Frequency Control Annual 
Symp. Atlantic City, N.J., Apr. 26-28, 
1971, pp. 297-308 (Electronic Industries 
Assoc., Washington, D.C., 1971). 

Bennett, H. S., Damage to ceramics from 
high intensity Q switched lasers, (Proc. 
Conf. on Ceramics in Severe Environ- 
ments, North Carolina State University, 
Raleigh, N.C., Dec. 7-9, 1970), Chapter in 
Materials Science Research, W. Wurth 
Kriegel, Ed., 5, 537-546 (Plenum Publ. 
Corp. New York, N.Y., 1971). 

Branscomb, L. M., Taming technology, 
Science 171, 972-977 (Mar. 12, 1971). 

Branscomb, L. M., The U.S. Metric Study. 
Sci. Teacher 38, No. 8, 58-62 (Nov. 1971). 

Broadhurst, M. G., Dielectric properties of 
methyl stearate—A model crystalline 
polymer, (Proc. Symp. Dielectric Proper- 
ties of Polymers, American Chemical 
Society Meeting, Los Angeles, Calif., Mar. 
30, 1971), Chapter in Dielectric Properties 
of Polymers, Frank E. Karasz, Ed., pp. 
129-145 (Plenum Publ. Corp., New York, 
N.Y., 1972). 

Carpenter, B. S., Determination of trace con- 
centration of boron and uranium in glass 
by the nuclear track technique, Anal. 
Chem. 44, No. 3, 600-603 (Mar. 1972). 


*Publications with prices indicated may be 
purchased directly from the Superintendent 
of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402 (foreign: one- 
fourth additional). NBS nonperiodical serie: 
are also available from the National Tech- 
nical Information Service (NTIS), Spring- 
field, Va., 22151 (formerly the Clearinghouse 


for Federal Scientific and Technical Informa- 


tion). Reprints from outside journals and 
the NBS Journal of Research may often be 
obtained directly from the authors. 
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NEUTRON 
ENERGY 


DEPOSITION 


IN TISSUE 


@ Fast neutrons are being studied 
as possibly a more effective radia- 
tion for therapy of some cancerous 
tumors. Patients in England are 
being treated with neutrons, and 
clinical tests are beginning in the 
United States. 

While medical doctors are 
beginning to apply neutron therapy 
to cancer patients, theorists at the 
Bureau are studying the basics— 
the nuclear processes of neu- 
tron. interactions with _ tissue. 
This fundamental work will help 
scientists understand the effective- 
ness of different radiations, includ- 
ing neutrons, in destroying can- 
cerous tissue. Fast neutrons are of 
interest as they probably kill 
oxygen-deficient cancerous cells in 
the center of a tumor at lower doses 
than are required of x rays. Hence 
the use of neutrons would reduce 
the amount of damage to healthy 
tissue surrounding the cancerous 
tumor, while permitting sufficient 
dose to the tumor. 

R. S. Caswell and J. J. Coyne of 
the NBS Center for Radiation 
Research, working with Atomic 
Energy Commission support, have 
developed theoretical calculations 
of the processes whereby neutrons 
transfer their energy to tissue.' 
Neutrons first interact with the 
atomic nuclei of tissue, producing 
secondary’ particles such as 
protons, alpha particles, carbon, 
nitrogen, and oxygen recoil nuclei. 
Many types of nuclear interactions 
are involved such as elastic and in- 
elastic neutron scattering, and two- 
and three-body nuclear reactions. 


For example, in the most important 
neutron-tissue interaction, neutrons 
strike the hydrogen nuclei. The 
hydrogen nuclei recoil, and give 
their energy to other atoms and 
molecules of the tissue, in some 
cases causing changes’ which 
destroy cells. It is thus through the 
secondary particle, the recoil 
hydrogen nucleus (or recoil proton) 
in this example, that the energy is 
transferred to the biological materi- 
al. But many other secondary recoil 
particles are produced in_ the 
neutron-tissue interaction, giving 
rise to a multitude of possible ener- 
gy transfer systems that might 
cause cell damage. The extensive 
graphic supply of spectra of secon- 
dary interactions presented in this 
report! provides the basic aid for 
further biological research into cell 
damage. 

The energy spectra of these 
secondary particles were calculated 
for neutrons with initial energies of 
1 and 14 MeV, corresponding ap- 
proximately to the energies of two 
important neutron sources. From 
the spectral graphs it is possible to 
obtain quantitative information 
about the radiation and the relative 
importance in specific situations of 
various secondary particles, for ex- 
ample, protons versus oxygen 
nuclei. 

Further study may be expected 
to lead to improved understanding 
of the effectiveness of neutron 
radiation for cancer therapy. 


‘Caswell, R. S., and Coyne, J. J., Interactions of 
neutrons and secondary charged particles with tissue: 
secondary particle spectra, Rad. Res. (in press). 
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NEW TECHNIQUE DEVELOPED FOR 


LASER CHEMISTRY STUDIES 





@ A new tool for studying basic 
chemical reactions has been developed 
at the Bureau. 

For the first time, the laser has 
been linked with a mass spectrometer 
to study molecules in their excited 
states. 


Developed by J. W. Hastie and 


Close-up view of a simulated experimental arrangement for laser excitation of a gas. 

A laser beam is shown crossing a stream of gas directed at the sampling cone of a mass 
spectrometer (right). The bright spot visible at the intersection of the laser beam 

and the gas stream, represents the region of initial excitation. 


A. B. Sessoms, of the Inorganic 
Chemistry Section, and A. Kaldor and 
C. V. Kurtz, of the Infrared Spectros- 
copy Section, the new technique has 
been used to show that molecules 


which are excited by an infrared laser 


react faster than molecules in the 
ground state.* This method may 
permit vibrational excitation of a 
specific bond in a molecule, and may 
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allow scientists to produce novel 
chemical products or allow isotope 
enrichment. 

The procedure utilizes a phase- 
sensitive, molecular-beam-quadrupole 
mass spectrometer coupled to a me- 
chanically modulated, continuous- 
wave gas laser that can be used either 
as a CO, or as a CO laser for the in 
situ characterization of chemical re- 
actions induced by infrared laser 
radiation. A molecular beam pro- 
duced by the mass spectrometer sam- 
pling nozzle is modulated due to 
microscopic changes induced by the 
absorption of the modulated laser 
radiation. Phase-sensitive detection 
is used to monitor the molecules re- 
sponding to the laser radiation. 

Briefly, the system consists of a 
gas stream directed at the sampling 
cone of a mass spectrometer; the 
laser beam crosses the gas stream at 
right angles. A representative gas 
sample passes through a cone system 
into an evacuated chamber. The beam 
then passes through an adjustable 
orifice into another region, which 
contains a wheel for mechanical 
modulation of the beam, an ion 
source for partial conversion of the 
molecular species into positive ions, 
and a mass filter and particle detec- 
tion system. 

The large photon flux of infrared 
lasers makes these devices attractive 
as bond- and isotope-specific excita- 
tion sources for chemical preparations 
on a macroscopic scale. However, the 
large flux also means that in most 
reaction schemes involving infrared 
lasers, it is necessary to dissipate any- 
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where from a few watts to several 
kilowatts of power in the reaction 
cell, which contains the reaction mix- 
ture at relatively high pressures. 
Under these conditions, vibration-to- 
translation (V-T) energy transfer is 
likely, resulting in heating of the gas 
mixture and subsequent pyrolysis. 
Identification and separation of these 
undesirable pyrolysis reactions from 
those due to vibrationally excited but 
translationally cool molecules has 
until now been difficult. Using the 
new analytical technique described 
here one can simultaneously deter- 
mine the V-T relaxation lifetimes and 
distinguish the vibrationally induced 
products from the thermally produced 
products. 

The products of a chemical reaction 
due to interaction with the modulated 
laser beam also appear in the molec- 
ular beam and can be monitored by 
phase-sensitive detection. By compar- 
ing the phase shift of the reaction 
products with the phase shift of the 
thermalized reactants, it is possible 
to identify the products of the reaction 
of vibrationally excited molecules 
separately from the products of the 
pyrolysis reaction. Thus, at the ap- 
propriate phase angle, the chemical 
reactions of only the vibrationally 
excited species can be monitored and 
studied. 

To test the experimental system, 
flew systems in the range of 1-760 
torr (1 torr = 1.333 X 10? pascals) were 
studied. Using BCI,, reactions were 
observed with H,, D., and NO, yield- 
ing HCl, DCi, NOCI, respectively, to- 
gether with other products. It was 


& 


possible to demonstrate the reaction 
of vibrationally excited but transla- 
tionally cool BCl;, which would nor- 
mally be hidden by the well-known 
pyrolysis reaction of thermalized BC]. 
The procedure was also demonstrated 
for systems using SF, as the infrared 
radiation absorber. 

Results using this technique sug- 
gest the following uses for laser- 
modulated, molecular-beam mass spec- 
trometry in laser chemistry studies: 

a. The measure of V-T relaxation 
for absorbing species. 

b. The measurement of V-T energy 
transfer to a nonabsorbing gas com- 
ponent. 

c. The measurement of translation- 
to-translation energy transfer from an 
absorbing species to another com- 
ponent. 

d. The monitoring of chemical re- 
actions of thermalized species detected 
as a modulation of reactant and prod- 
uct species. 

e. The monitoring of chemical re- 
actions of vibrationally excited mole- 
cules which will also be detected as 
a modulation of reactants products. 

The presence of each of these phe- 
nomena is detectable and can be dif- 
ferentiated by the observed phase 
shift. 

f. The use of molecular modulation 


as a test of high-pressure sampling 
fidelity. 


‘Kaldor, A., and Hastie, J. W., Mass spectro- 
metric studies of infrared laser-induced chemical 
reactions, a talk presented at the VII International 
Grane Electronics Conference, Montreal, May 
8-11, 1972. 

2 Kaldor, A., and Hastie, J. W., Infrared laser 
modulated molecular-beam mass spectrometry, 
Chem. Phys. Letters, in press. 
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